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DISCLAIMER

Notice: The Soil Screening Guidance is based on policies set out in the Preamble to the Final Rule of the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP), which was published on March 8, 1990 (55
Federal Register 8666).

This guidance document sets forth recommended approaches based on EPA’s best thinking to date with respect to
soil screening.  Alternative approaches for screening may be found to be more appropriate at specific sites (e.g.,
where site circumstances do not match the underlying assumptions, conditions, and models of the guidance).  The
decision whether to use an alternative approach and a description of any such approach should be placed in the
Administrative Record for the site.

The policies set out in both the Soil Screening Guidance: User’s Guide and the supporting Soil Screening
Guidance: Technical Background Document are intended solely as guidance to the U.S. Environmental Protection
Agency (EPA) personnel; they are not final EPA actions and do not constitute rulemaking. These policies are not
intended, nor can they be relied upon, to create any rights enforceable by any party in litigation with the United
States government. EPA officials may decide to follow the guidance provided in this document, or to act at variance
with the guidance, based on an analysis of specific site circumstances. EPA also reserves the right to change the
guidance at any time without public notice.

ii



TABLE OF CONTENTS

Section Page

Disclaimer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii
List of Tables  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi
List of Figures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
List of Highlights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
Preface  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
Acknowledgments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x

Part 1: Introduction
1.1 Background  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    1
1.2 Purpose of SSLs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    2
1.3 Scope of Soil Screening Guidance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    3

1.3.1 Exposure Pathways  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    4
1.3.2 Exposure Assumptions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    5
1.3.3 Risk Level  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    5
1.3.4 SSL Model Assumptions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    6

1.4 Organization of the Document  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    6

Part 2:   Development of Pathway-Specific Soil Screening Levels

2.1 Human Health Basis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    9
2.1.1 Additive Risk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    9
2.1.2 Apportionment and Fractionation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   14
2.1.3 Acute Exposures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   14
2.1.4 Route-to-Route Extrapolation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   16

2.2 Direct Ingestion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   18
2.3 Dermal Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   20
2.4 Inhalation of Volatiles and Fugitive Dusts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   21

2.4.1 Screening Level Equations for Direct Inhalation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   21
2.4.2 Volatilization Factor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   23
2.4.3 Dispersion Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   26
2.4.4 Soil Saturation Limit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   28
2.4.5 Particulate Emission Factor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31

2.5 Migration to Ground Water  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   32
2.5.1 Development of Soil/Water Partition Equation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   34
2.5.2 Organic Compounds—Partition Theory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   37
2.5.3 Inorganics (Metals)—Partition Theory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   40
2.5.4 Assumptions for Soil/Water Partition Theory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   40
2.5.5 Dilution/Attenuation Factor Development  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   41
2.5.6 Default Dilution-Attenuation Factor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   46
2.5.7 Sensitivity Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   54

2.6 Mass-Limit Model Development  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   56
2.6.2 Migration to Ground Water Mass-Limit Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   58
2.6.3 Inhalation Mass-Limit Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   60

2.7 Plant Uptake  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   61
2.8 Intrusion of Volatiles into Basements: Johnson and Ettinger Model  . . . . . . . . . . . . . . . . . . . . . .   62

iii



TABLE OF CONTENTS (continued)

Section Page

Part 3:  Models for Detailed Assessment

3.1 Inhalation of Volatiles: Detailed Models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   64
3.1.1 Finite Source Volatilization Models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   64
3.1.2 Air Dispersion Models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   66

3.2 Migration to Ground Water Pathway  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   67
3.2.1 Saturated Zone Models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   68
3.2.2 Unsaturated Zone Models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   68

Part 4:  Measuring Contaminant Concentrations in Soil

4.1 Sampling Surface Soils  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   82
4.1.1 State the Problem  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   82
4.1.2 Identify the Decision  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   82
4.1.3 Identify Inputs to the Decision  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   84
4.1.4 Define the Study Boundaries  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   84
4.1.5 Develop a Decision Rule  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   85
4.1.6 Specify Limits on Decision Errors for the Max Test  . . . . . . . . . . . . . . . . . . . . . . . . . . .   86
4.1.7 Optimize the Design for the Max Test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   87
4.1.8 Using the DQA Process: Analyzing Max Test Data  . . . . . . . . . . . . . . . . . . . . . . . . . . .   96
4.1.9 Specify Limits on Decision Errors for Chen Test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   99
4.1.10 Optimize the Design Using the Chen Test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100
4.1.11 Using the DQA Process: Analyzing Chen Test Data  . . . . . . . . . . . . . . . . . . . . . . . . . .  107
4.1.12 Special Considerations for Multiple Contaminants  . . . . . . . . . . . . . . . . . . . . . . . . . . .  107
4.1.13 Quality Assurance/Quality Control Requirements  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107
4.1.14 Final Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
4.1.15 Reporting.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109

4.2 Sampling Subsurface Soils  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110
4.2.1 State the Problem  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110
4.2.2 Identify the Decision  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110
4.2.3 Identify Inputs to the Decision  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110
4.2.4 Define the Study Boundaries  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114
4.2.5 Develop a Decision Rule  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114
4.2.6 Specify Limits on Decision Errors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114
4.2.7 Optimize the Design  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115
4.2.8 Analyzing the Data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116
4.2.9 Reporting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116

4.3 Basis for the Surface Soil Sampling Strategies: Technical Analyses Performed  . . . . . . . . . . . . . . .  117
4.3.1 1994 Draft Guidance Sampling Strategy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117
4.3.2 Test of Proportion Exceeding a Threshold  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119
4.3.3 Relative Performance of Land, Max, and Chen Tests  . . . . . . . . . . . . . . . . . . . . . . . . . .  121
4.3.4 Treatment of Observations Below the Limit of Quantitation  . . . . . . . . . . . . . . . . . . . . .  127
4.3.5 Multiple Hypothesis Testing Considerations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127
4.3.6 Investigation of Compositing Within EA Sectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129

iv



TABLE OF CONTENTS (continued)

Section Page

Part 5: Chemical-Specific Parameters

5.1 Solubility, Henry's Law Constant, and Kow  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133
5.2 Air (Di,a) and Water (Di,w) Diffusivities  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133
5.3 Soil Organic Carbon/Water Partition Coefficients (Koc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139

5.3.1 Koc for Nonionizing Organic Compounds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139
5.3.2 Koc for Ionizing Organic Compounds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145

5.4 Soil-Water Distribution Coefficients (Kd) for Inorganic Constituents  . . . . . . . . . . . . . . . . . . . . . .  149
5.4.1 Modeling Scope and Approach  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152
5.4.2 Input Parameters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153
5.4.3 Assumptions and Limitations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155
5.4.4 Results and Discussion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  156
5.4.5 Analysis of Peer-Review Comments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  160

Part 6: References

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

Appendices

A Generic SSLs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
B Route-to-Route Extrapolation of Inhalation Benchmarks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
C Limited Validation of the Jury Infinite Source and Jury 

Finite Source Models (EQ, 1995)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1
D Revisions to VF and PEF Equations (EQ, 1994b)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-1
E Determination of Ground Water Dilution Attenuation Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-1
F Dilution Factor Modeling Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-1
G Background Discussion for Soil-Plant-Human Exposure Pathway  . . . . . . . . . . . . . . . . . . . . . . . . . G-1
H Evaluation of the Effect on the Draft SSLs of the Johnson and 

Ettinger Model (EQ, 1994a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H-1
I SSL Simulation Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I-1
J Piazza Road Simulation Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J-1
K Soil Organic Carbon (Koc) / Water (Kow) Partition Coefficients  . . . . . . . . . . . . . . . . . . . . . . . . . . K-1
L Koc Values for Ionizing Organics as a Function of pH  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L-1
M Response to Peer-Review Comments on MINTEQA2 Model Results  . . . . . . . . . . . . . . . . . . . . . M-1

v



LIST OF TABLES

Table 1. Regulatory and Human Health Benchmarks Used for SSL Development . . . . . . . . . . . . . . . . . . 10
Table 2. SSL Chemicals with Noncarcinogenic Effects on Specific Target Organ/System  . . . . . . . . . . .   15
Table 3. Q/C Values by Source Area, City, and Climatic Zone  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   27
Table 3-A. Risk Levels Calculated at Csat for Contaminants that have SSLinh Values 

Greater than Csat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   29
Table 4. Physical State of Organic SSL Chemicals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   30
Table 5. Variation of DAF with Size of Source Area for SSL EPACMTP Modeling Effort  . . . . . . . . . .   48
Table 6. Recharge Estimates for DNAPL Site Hydrogeologic Regions  . . . . . . . . . . . . . . . . . . . . . . . . . 50
Table 7. SSL Dilution Factor Model Results: DNAPL and HGDB Sites  . . . . . . . . . . . . . . . . . . . . . .   51
Table 8. Sensitivity Analysis for SSL Partition Equation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Table 9. Sensitivity Analysis for SSL Dilution Factor Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   55
Table 10. Input Parameters Required for RITZ Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Table 11. Input Parameters Required for VIP Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Table 12.  Input Parameters Required for CMLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Table 13.  Input Parameters Required for HYDRUS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Table 14.  Input Parameters Required for SUMMERS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Table 15.  Input Parameters Required for MULTIMED  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Table 16.  Input Parameters Required for VLEACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Table 17.  Input Parameters Required for SESOIL (Monthly Option)  . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Table 18. Input Parameters Required for PRZM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Table 19.  Input Parameters Required for VADOFT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Table 20.  Characteristics of Unsaturated Zone Models Evaluated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Table 21. Sampling Soil Screening DQOs for Surface Soils  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Table 22. Sampling Soil Screening DQOs for Surface Soils under the Max Test  . . . . . . . . . . . . . . . . . . . 86
Table 23. Probability of Decision Error tat 0.5 SSL and 2 SSL Using Max Test  . . . . . . . . . . . . . . . . . . . 93
Table 24. Sampling Soil Screening DQOs for Surface Soils under Chen Test  . . . . . . . . . . . . . . . . . . . . . 99
Table 25. Minimum Sample Size for Chen Test at 10 Percent Level of Significance to 

Achieve a 5 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

Table 26. Minimum Sample Size for Chen Test at 20 Percent Level of Significance to 
Achieve a 5 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

Table 27. Minimum Sample Size for Chen Test at 40 Percent Level of Significance to 
Achieve a 5 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Table 28. Minimum Sample Size for Chen Test at 10 Percent Level of Significance to 
Achieve a 10 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given the Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Table 29. Minimum Sample Size for Chen Test at 20 Percent Level of Significance to 
Achieve a 10 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Table 30. Minimum Sample Size for Chen Test at 40 Percent Level of Significance to 
Achieve a 10 Percent Chance of “Walking Away” When EA Mean is 2.0 SSL, 
Given Expected CV for Concentrations Across the EA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Table 31. Soil Screening DQOs for Subsurface Soils  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Table 32. Comparison of Error Rates for Max Test, Chen Test (at .20 and .10 Significance Levels), 

and Original Land Test, Using 8 Composites of 6 Samples Each,
 for Gamma Contamination Data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

vi



LIST OF TABLES (continued)

Table 33. Error Rates of Max Test and Chen Test at .2 (C20) and .1 (C10) 
Significance Level for CV = 2, 2.5, 3, 3.5, C = # of Specimens per Composite, 
N = # of Composite Samples  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

Table 34. Probability of "Walking Away" from an EA When Comparing Two Chemicals to SSLs . . . . . . . 127
Table 35. Means and CVs for Dioxin Concentrations for 7 Piazza Road Exposure Areas  . . . . . . . . . . . . . . 129
Table 36. Chemical-Specific Properties Used in SSL Calculations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
Table 37. Air Diffusivity (Di,a) and Water Diffusivity (Di,w) Values for SSL Chemicals (25°C) . . . . . . . . . . 135
Table 38. Summary Statistics for Measured Koc Values: Nonionizing Organics  . . . . . . . . . . . . . . . . . . . . 139
Table 39. Comparison of Measured and Calculated Koc Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Table 40. Degree of Ionization (Fraction of Neutral Species, F) as a Function of pH  . . . . . . . . . . . . . . . . . 145
Table 41. Soil Organic Carbon/Water Partition Coefficients and pKa Values for Ionizing 

Organic Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Table 42. Predicted Soil Organic Carbon/Water Partition Coefficients (Koc,L/kg) as a 

Function of pH: Ionizing Organics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
Table 43. Summary of Collected Kd Values Reported in Literature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Table 44. Summary of Geochemical Parameters Used in SSL MINTEQ Modeling Effort . . . . . . . . . . . . . . 151
Table 45. Background Pore-Water Chemistry Assumed for SSL MINTEQ Modeling Effort  . . . . . . . . . . . . 152
Table 46. Estimated Inorganic Kd Values for SSL Application  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

vii



LIST OF FIGURES

Figure 1. Conceptual Risk Management Spectrum for Contaminated Soil  . . . . . . . . . . . . . . . . . . . . . . .    2
Figure 2. Exposure Pathways Addressed by SSLs.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    4
Figure 3. Migration to ground water pathway—EPACMTP modeling effort.  . . . . . . . . . . . . . . . . . . . . . 46
Figure 4. The Data Quality Objectives process. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Figure 5. Design performance goal diagram.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Figure 6. Systematic (square grid points) sample with systematic compositing scheme 

(6 composite samples consisting of 4 specimens).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Figure 7. Systematic (square grid points) sample with random compositing scheme 

(6 composite samples consisting of 4 specimens).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Figure 8. Stratified random sample with random compositing scheme 

(6 composite samples consisting of 4 specimens).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Figure 9. U.S. Department of Agriculture soil texture classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Figure 10. Empirical pH-dependent adsorption relationship: arsenic (+3), 

chromium (+6), selenium, thallium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Figure 11. Metal Kd as a function of pH.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

LIST OF HIGHLIGHTS

Highlight 1: Key Attributes of the Soil Screening Guidance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Highlight 2: Simplifying Assumptions for the Migration to Ground Water Pathway  . . . . . . . . . . . . . . . . . 34
Highlight 3: Procedure for Compositing of Specimens from a Grid Sample 

Using a Systematic Scheme (Figure 6)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Highlight 4: Procedure for Compositing of Specimens from a Grid Sample 

Using a Random Scheme (Figure 7)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Highlight 5: Procedure for Compositing of Specimens from a Stratified Random Sample 

Using a Random Scheme (Figure 8)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Highlight 6: Directions for Data Quality Assessment for the Max Test  . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Highlight 7: Directions for the Chen Test Using Simple Random Sample Scheme  . . . . . . . . . . . . . . . . . . 106

viii



PREFACE

This document provides the technical background for the development of methodologies described in the Soil
Screening Guidance: User's Guide  (EPA/540/R-96/018), along with additional information useful for soil screening.
Together, these documents define the framework and methodology for developing Soil Screening Levels (SSLs) for
chemicals commonly found at Superfund sites. This document is an updated version of the background document
developed in support of the December 30, 1994, draft Soil Screening Guidance. The methodologies described in this
document and the guidance have been revised in response to public comment and extensive peer review. The
revisions, along with other technical analyses conducted to address the comments, are described herein.

This background document is presented in five parts. Part 1 describes the soil screening process and its application
and implementation at Superfund sites. Part 2 describes the methodology used to develop SSLs, including the
assumptions and theories used. Part 3 provides information on more detailed models that may be used to develop
site-specific SSLs. Part 4 addresses sampling schemes for measuring soil contaminant levels during the soil
screening process. Part 5 provides technical background on the determination of chemical-specific properties for
calculating SSLs.
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